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T.TKK QUALITY r-HARAPTF.RTSTIC EVALUATION SYSTEM 



BACKGROUND OF THE INVENTION 

1 „ Field of the Invention 
[0001] The present invention relates to a line quality 
characteristic evaluation systom, more particularly 
relates to a line quality characteristic evaluation 
system for estimating the line quality of a wireless 
communication line in an area where a plurality of 
wireless communication lines are present together based 
on a receiving line quality characteristic due to 
nonlinear interference, reception thermal noioc power, 
leakage power from adjacent channels, etc. 

2. Description of the Related Art 
[0002] wireless communication systems mainly suffer 
from interference not only between terrestrial mobile 
wireless systems and terrestrial fixed wireless systems, 
but also between commercial wireless systems for space 
and mobile satellite communication systems. These mutual 
interferences include linear interference due to leakage 
power from adjacent or next-to-adjacent areas or linear 
interference due to frequency sharing and nonlinear 
interference whore intermodulation distortion occurs due 
to high level interference powar. In areas where the 
service areas arc broad and many systems coexist, the 
study of nonlinear interference has h«An becoming 
important . 

[0003] in areas with a coexistense of wireless systems 
such as conventional mobile wireless communication 
systems toqether or a mobile wireless communication 
system, terrestrial fixed microwave communication system, 
and mobile satellite communication system, the line 
quality has been evaluated by the leakage power of the 
linear parts of interference waves , filtering at the 
reception oidc, the modulation/demodulation scheme, etc., 
but the nonlinear interference has not been sufficiently 
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evaluated. 

[0004] Further, while the performance relating to 
nonlinear interf rence in reeeiv rs by themselves and 
individual specifications inside apparatuses of 
interfered wireless systems have been known, there has 
never been a means for estimating the above 
specifications as overall receiver performance in a 
transmitter and a receiver. 

[0005] Nonlinear distortion has been analytically 
verified in the past, in this, using mathematical 
algorithms and introducing the third-order intercept 
point input level (IIP3) technique, the spread of an 
intermodulation product (IM) spectrum by a modulated 
wave, the occurrence of an interference wave due to im, 
and the sensitivity suppression have boon studied (for 
example, see "Study of Nonlinear interference Theory 
delating to Wide Band Mobile Wireless System and Narrow 
Band Mobile Wireless System" , Journal of the EIAJ, K1AJ , 
RCS2Q02-140, August 22 , 2002 r and "Intercept Point and 
Undesired Responses", IEEE Trau&aution on vehicular 
Technology, vol- VT32, no- 1, February 1983). 
[0006] Summarizing the problems to be solved by the 
invention, as explained above, in the past f sufficient 
nonlinear distortion was not taken against nonlinear 
interference, so there was the problem that it was not 
possible to analyze the cases of occurrence of nonlinear 
distortion due to nonlinearity of the receiver and power 
of the interfering wave, the frequency interval between 
the desired wave and interference wave, etc., so as tn 
reduce the frequency of occurrence and deterioration o£ 
quality in the service area. 

SUMMARY OF THE INVENTION 

T0007] An object of the present invention is to 
provide a lino quality characteristic evaluation system 
for estimating line quality characteristics including 
nonlinear interference for a wireless communication 
system including at least one wireless line. 
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[0008 3 To attain the above object, according to the 
present, invention, there is provided a line qualiry 
characteristic evaluation system for a wireless 
communication line pxuvided with a line quality 
estimating unit estimating a line quality of a wireless 
communication line under nonlinear interference wireless 
lines in an area in which wireless lines for wirclcoo 
communication by digital signals sharing space and other 
wireless lines interfering with those wireless lines are 
present together based on nonlinear distortion influenced 
by all wireless lines in the area and expressed by an 
intexcept point input level (IIP), a reception equivalent 
band limitation expressed by attenuation of the intercept 
point input level (IIP), reception side thermal noise of 
the wireless communication lines, and leakage power from 
other interfering wireless lines leaking into the 
reception equivalent band. 

[0009] Due tu this, even in an area where wireless 
linp.fi wire! ess ly communicating while sharing space and 
other wireless lines inLerlexiny with them are present 
together , it becomes possible to estimate the line 
quality of the wireless communication system under 
nonlinear interference and thereby becomes possible to 
establish measures for improving the line quality. 
[0010] Preferably, there are a plurality of other 
wireless lines and the line quality estimating unit 
further estimates the line quality of a wIt-aIarr 
communication line based on probabilities of existence of 
an interfering plurality of wireless lines at any 
positions in tho area. 

[OOllj Due to this, it becomes possible to estimate 
the line quality of a wireless communication system under 
nonlinear interference based on factors influenced by all 
of the lines in the area even when there are a plurality 
of interfering wireless lines, so it is possible to 
flexibly estimate the line quality. Further, it becomes 
possible to estimate the line quality of a wireless 
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reference to the attached drawings, wherein t 

fig. 1 is a block diaqram of the configuration ot a 
]ine quality characteristic evaluation system according 
to a first embodiment of the present invention; 

PIG. 2 is a graph for explaining the levels of a 
main signal, a third-order distortion signal, and a 
fifth-order distortion signal in the case of receiving as 
inpuL at a reception side two signals of the same level 
with close frequencies; 

FIG. 3 is a graph for estimating an intercept point 
from a relationship of the input level and output level 
at a recepLion Bide; 

FIG. 4 is a view of an example of a epectrum of an 
input signal (modulated wave siqnal) input to an 
interfered digital wireless receiver; 

FIG. 5A is a view of an example of a spectrum ot an 
input signal (modulated wave signal) input to a receiver, 
while FIG. 5B is a view of a spectrum of an output signal 
for explaining an increase in adjacent leakage power due 
to an interference wave iutennodulation product output 
from a receiver in response to an input signal shown in 
FIG. 5A; 

FIG.. 6 is a blnnlc diagram of the configuration of a 
line quality characteristic evaluation sysLera aecordinq 
to a second embodiment ot the present invention; 

FIG . 7 is a block diagram of the configuration of an 
interference measuring and evaluating system according to 
a third embodiment of the present invention; 

F1CJ. 8 is a block diagram of the configuration of a 
line quality characteristic evaluation system according 
to a fourth embodiment of the present invention; and 

FIG. 9 is a block diagram of the configuration of a 
line quality characteristic evaluation system according 
to a fifth embodiment of the present invention. 

DESCRIPTION OF THE FK££'KRRED EMBODIMENTS 
[0017) Preferred embodiments of the present- invention 
will be described in detail below while referring to the 
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interfering wireless linlc leaking into the reception 
equivalent band. 

[0021] As onft example o£ a line quality 
characteristic f there is Lhe bit error rate, but the line 
quality characteristic is not limited to this. The 
invention may also be applied to a frame error rate, 
block error rate, packet error rate, etc. 
[0022] FIG. 2 is d graph for explaining the levels of 
a main signal, a third-order distortion signal, and a 
fifth-order disLortiuu siqnal in the case of receiving as 
input at a reception side two signals of the came level 
with close frequencies. In FIG. 2, when the two main 
signals P t of the close frequencies f x and f 2 are input, 
third-order distortion ol <a level is caused by 
frequencies of 2£. 4 -£ L and 2f x -f 2 and fifth order 
distortion of a level P™ is caused by frequencies of 
3t a -2± 1 and 3f 4 -2f 2 . 

[0023] fig. 3 is a graph for estimating an intercept 
point from a relationship of the input level and output 
level at a reception side. In FIG- 3, the line "a" shows 
the relationship between the input levels and output 
levels of the two main signals, the line "b M shows the 
relationship between of the output level of the third- 
order distortion IM ( intcrmodulation) with respect to the 
input level of the main signal, and the line w c" shows 
the relationship of the output level of Lhe fifth-order 
distortion IM (intermodulation) with respect to the input 
level of the main signal. If the levels of the two main 
signals are simultaneously raised, the difference lM a 
(see FIG- 3) between the level P t of the main signal and 
Lhe level P M of the third-order distortion signal will 
gradually become smaller- The output of the recepLion 
side in au actual wireless communication system becomes 
saturated as shown by the solid line in Lhe figure, but 
if assuming that the output level increases linearly in 
proportion to the input level, the line "b~ allowing the 
third-order distortion will intersect with the part shown 
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by the broken line of the main signal. Th output lev 1 
aL the intersection point is called the "third-order 
intercept point output lev 1 M , while the input level is 
called the " third-order intercept point input level" . The 
present invention estimates this third- order intercept 
outpuL level or third-order intercept input level in the 
case of the presence of a plurality of interference waves 
by Lhe line quality estimatinq means 7 and estimates the 
lino quality of a wireless communication link under 
nonlinear inter Terence wireless link based on the 
nonlinear distortion expressed by the estimated third- 
order intercept output level or third-order intercept 
input level, the reeeption equivalent bond limitation 
expressed by the attenuation of the third-order intercept 
input, the reception side equivalent thermal noise of the 
wireless communication line, and the leakage power in the 
reception equivalent band width leaking from another 
interfering wireless line* 

[0024] Thift estimating means will be explained below. 
[0025] fig- 4 is a view u£ an example of a spectrum of 
an input signal (modulated wave signal and interference 
wave signal) input to an interfered digital wireless 
receiver . 

(1) Input Signal and Output Signal Spectrum 
If expressing thft baseband of a mobile wireless 
equipment of an interfering side by a single wave 
modulation signal and making the carrier of the mobile 
wireless equipment of the interfered side a numuodulated 
wave, the signal input to the amplifier (interfered 
digital wireloes receiver 3) is expressed by equation (1) 
(hereinafter referred to as "single wave modulation 
signal" ) . 
T0026] 

x (t) =V D • cos (2 ye f D t) + £ V x cos (2 n f. ft t) x cos (2 7t f,.t) (1) 

bsl 

where, 

I D : carrier frequency of mobile wireless equipment 
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of interfered Ride 

v D : carrier vultaqe of mobile wireless aquipment o£ 
interfer«d side 

f cn ; n-th carrier frequency of mobile wireless 
equipment of interfering side 

V n ; n-th modulation siqnal voltage ot baseband of 
mobi'lp wireless equipment of interfering side 

. f TO : n-th modulation frequency of baseband of mobile 
Wireless equipment of interfering side 
[0027 J If makixiq the input signal ot the amplifier 
x(t) and making the output signal y(t), the nonlinear 
characteristic can be expressed by power series expansion 
as follows: 
[0028] 

y(t)=a 1 x(t)+a a x(t) i£ -a 3 x(t) 3 + ... (2) 

Here, a 1# a 2 , a,, . . are nonlinear coefficients of 
power series expansion, and the sign of the third-order 
coefficient a s is made a minus sign from the saturation 
characteristic of the amplifier. If entering equation (1) 
into equation (2), Lhe output signal y(t) becomes as 
shown in equation (3): 
[0029] 

Y(t)= (3) 
(f D component) + ^ . V D - COS'2 % f 0 t 

-a 3 'V D 3 -3/4-cos2 7tf 0 t 

+ £{ -a^W- 3/4-cos2*f Rn t J 
n=l 

n 

(r n double modulated wav«) £ H* 3 • V D • V n 2 ■ 3/4- coc2 • 2 * f B n t - cos2 tt f cn tj 

n=l 

[0030] (1) Estimation of Nonlinear Interference 
Charac teristic 

When fcR-fo 1 ^ 3 ^ ky frequency array shown in FIG. 

4, the nonlinear interference characteristic, of a narrow 
band mobile wireless equipment expressed by the 
nonmodulated wave (frequency f cX ) is expressed by the 
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power ratio (C/l 3 ) of the sensitivity suppression o£ the 
frequency f cl and a double component (2 f^) of the 
modulated signal of the mobile* wireless equipment 
relating to the frequency f^. 

[0031] The ocnoitivity suppression (rj) due Lo 
nonlinear dntp.rf firftnee, if expressed in dB, becomoe as 
follows : 

[0032] Tf powers o£ the frequencies f el and f^ 
normalized by the inpuL Lhixd-order intercept point 1IP.H 
are I 10 and I ln , they are expressed byi 

7,=10Xlog U - 1 I1P - Z2-l iB *K) Z (4) 

n=l 

Here, indicates the attenuation of the 
interference wave due to reception equivalent band 
limitation by an off seL frequency with the desired wave 
of the n-th interf erenr.e wave . 

[0033] in this way, when there are a plurality of 
mobile wire.lftfift equipment at the interfering side, the 
ocnoitivity suppression which all of these have on the 
interfered side can he estimated, 

[0034] Further, regarding the power ratio (C/I 3 ), from 
the power ratio of the f D component of equation (3) and 
the £ p double modulated wave component by Lhe 
in Lex modulation product, C/i 3 (dB)becomes : 
[0035] 

G/IV-10Xlo*<(l "In " fis-Ii. '*0 2 /EV (2 ' X ^' kJ S> <5) 

n=l n*"l 

if using I D and I in normalised by IIP3. 

Here, expresses the attenuation of the 
interference wave by reception equivalent band limitation 
by the offset frequency with the desired wave of the n-th 
in Lex f erence wave. 

[0036] In this way, when there are a plurality of 
mobile wireless equipment at an interfering side, it is 
possible to estimate the effect which they all have on 
the power ratio ot the inter fered side. 
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(2) Estimation of Error Rat Charaotoriotic 

a) Delay Detection Type Simplified Error Rate 

nharart.Ari st ic 

[0037] 

bcrdip.Ii^-^Is^-l/SXoxpC-p/a) (6) 

[0038] Here, 

Z^i desired wave signal level normalized by IIP3 
interference wave signal IovgI normalized by 

IIP3. 

I£ the signal to noise power ratio is p, 

p-A*/2/o> ( 7 > 
where , a*: sum of noise power and intp.rf Arence power 
If the reception power ol the frequency f cl is C, 

tho oonoitivity suppression is v|, and the fixed 

deterioration is 5, p becomes the following equations 

[0039] 

p =1/(1/0? ■ 5 -c/?n) n/(n vS -c/i ArP ) ii/C v/ - 5 -c/l,)} (8) 

[0040] where, 

p n i reception thermal noise power ot interfere 
wireless communication 

I w ; Lotal power of leakage power affecting 
intertered wir«1«ss communication as calculated from 
interference power and reduction factor (lKt tt ) 
[0041] 

C/I.cp "I / S U/c/ I 4CPfl ) 



(9) 



n=l 

[0042] Here, C/I^, is the leakage power affecting 
intorfercd wireless communication as calculated from the 
n-th interference wave power and n-th reduction factor 
<iRF n >. 

T00431 C/± 3 is the power ratio (truth value) of the 
double modulation component of the modulated wave 
component ot the ± p compnnent and f^ component as 
calculated from equation (4)« 
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[0044] t] is the sensitivity suppression (truth value) 

as calculated ftoiu equation (3) (11) • 

b) Delay Detection Type Error Rate Characteristic 
[0045] 

b«(l 1 ..I, I .».I..)-QU.W -ixexp[-^l]l tt Ub) 00) 



'a -^iF^ (1-1 A/2) 

III ■ . - 

b = ^-y^U + lA/Z) 

[0046] where, 

Q; Marcum Q- function 

T 0 : 0-th modification Bessol function of the first 

kind 
[0047] 

Y=l/U/U • 6 •E b /N 0 ) + l/<7} • 6 •BxrE b /I AC p) + l/<'? ■ 6 •BjrE b /I 3 )} (11) 

[0048 j where, 

energy per bit 
N c : noise power density 

I w i leakage power affecting interfered wireless 
communication as calculated from interference wave power 
and reduction factor (IRFn) 
[0049] 

C/I ACP =1 / X H/C/ Iaukh) (12) 
n=l 

[0050] Here, C/I^ is the leakage power affp.r.ting 
interfered wireless communication as calculated from the 
ii- th interference wave power and n-th redur.t.ion factor 
(IRFn) . 
[0051] 

I a K 

[0052] C/I 3 is the power ratio (truth value) of the 
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intermediation wave component r lating to the f cl 
component and f nl componenL as calculated from equation 
(5) or equation (11). 
Here, 

Bn: reception equivalent noise band width of 
interfered wireless communication 

T: time length with respect to symbol period 
. k; amount of Inlormatiuu (bits) per symbol 

t| z sensitivity suppression ( Lruth value) as 
calculated from equation (3) 

c) qpsk Absolute Synchronous Detection Error Rat* 
Characteristic 
[0053] 

ber (Ij D , I lx , mm >I tn ) =1/2 X erf c (14) 
where , 

y~l/(l/(>? • 6 -E k /No)+l/(7i - S -Bn-Efc/I.cp) >l/(/ 7 • 5 -Dn^/I*)} 

[0054J Here, 

E b : energy per bit 

N y : noise power density 

1^; leakage power affecting interfered wireless 
communication as calculated from interference wave power 
and reduction lactux (IRFn) 
10055] 

Bn ~-Bn-T (16) 

[0056 J C/I q is tne power ratio (truth value) of the 
intermodulation wave component relating to Lhe £„, 
component and component as calculated from equation 
(5) or equation (11). 
Here, 

B D : reception equivalent noise band width of 
interfered wireless communication 

Tz time length with respect to symbol period 
k: amount of information (bits) per symbol 
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tji sensitivity suppression ( Lruth value) as 
calculaled from equation (3) (r\) 

[0057) if the reception power of Lhe frequency t oX is 
C and the eencitivity suppression is v| f p becomes the 
following equation: 
[0058] 

p «!/{!/(, • 5 -C/P w )+1/U ■ 5 ■C/I^HIAtj • 5 -C/I 3 )} (17) 

[0059] where, 

P n : reception thermal noise power o£ interfered 
wireless communicaLion 

1^: total power of leakage power affecting 
interfered wireless communication AS calculated from 
interference power and reduction factor (IRFn) 
[OOGO] 

C/I ACP -1/E (l/C/I AC Pn) (18) 

n=l 

[0061] Here, C/T^ is the leakage power affecting 
interfered wireless communication as calculated from the 
n-th interference wave power and n-th reduction factor 
(IRFn) . 

[0062] C/T 9 is the power ratio (truth value) of the 
double modulation component of Lhe modulated wave 
component of the f„ component and f CT component ae 
calculated from equation (4). 

[0063] T| is the sensitivity suppression (truth value) 

as calculated trom equation (3). 

[0064] 

Bn^/^^-^L-Bn-T (19) 

[0065] C/I 3 is the power ratio (truth value) o± the 
intermodul at Ion wave component relating to the f D 
component and f D as calculated from (C/I 3 ) of equation 
(b) or equation (11). 
[0066] Here, 



18. Aug. 2003 17:26 AOKI, ISHIDA4ASS0C. 81-3-5470-1911 



NO. 5434 P. 19/45 



- 15 ' 

B A : reception equivalent noise band width of 

interfered wireless communication 

T : time length with r speet to symbol period 
k; amount of information (bits) per symbol 
•q: sensitivity suppression (truth value) as 

calculated from equation (3) or equation (9) 

U) qpsk Differential Synchronous Detection F.rror 

Rate- Characteristic 

This is found as about double the QPSK absolute 

synchronous detection error rate characteristic. 

[0067] 

ber (Ij D , Ij J j • lj n ) =erf c Vv (20) 
1 0068 J Next r the increase in the adjacent leakago 
power due to the interference wdve intermodulation 
product when the frequency interval of the interference 
wave and interfered wave is narrow in absolute terms will 
be explained. 

[0069] FIG. 5A is a view of an example of a spectrum 
of an input signal ot an interfered digital wireless 
receiver 3, while FIG. 5B is a view of a spectrum of an 
output: signal output from the receiver 3 in accordance 
with thio. Ao shown by the broken lines of FIG. 5B, when 
rhree times the modulation frequency of the modulated 
wave at the nearby interference aide close to the 
inter Texed wave is broader than the frequency interval of 
the interference wave and interfered wave, the 
interference wave component causes the adjacent. Leakage 
power to increase due to the third- order distortion of 
the wireless receiver of the interfered side. 
[0070] If the ratio of the adjacent leakage power 
increasing by this intermodula-cion product with the power 
of the wireless band o£ tho nearby interference wave is 
designated as IRF 3 , it may be expressed as* follows: 

[0071] 

TRF 3 =— 1 0 vlog [ l\ n ]+B ( dB ) (21) 

[0072] Here, B is a constant determined by the 
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trequency sp«ct.rum distribution of the frequency f^, the 
maximum modulaLion frequency , the equivalent r ception 
hand width (BW) of the frequency f cl , and the frequency 
interval between Lhe Iiequeuuy f ol and the frequency f o2 . 
[0073] The component ( y^ ) resulLing from third-order 
distortion of the frequency f^ component is 
[0074] 

=-a 3 xg(t) 3 < 22 > 
[0075] 

g(t)=SV 2 (k)Xcos(k-2 7c Af.-ti A 0 k ) 
r« k< nl 
Note that, 

v a (Jc): k-th modulation signal voltage of baseband of 
mobile wireless equipment of interfering side 

Af B : modulation froquency interval of baseband of 
interfering side 

A8 k : phase of modulation frequency of mobile 
wireless of interfering side 

Fm=nxA£ a « maximum modulation frequency ol mobile 
wireless equipment of interfering side 
[0076] By expanding equation (22) , the frequency f o2 
component is exprp-sspd as follows: 
[0077] 

yf ^«-a 3 . 6 *(3) l/l -2v 2 00- Sv 2 (1)-Ev a (m)-cos(k-2* Af.'t+A fij-cos 
(i'2* Af F -t+A 0l)'cos(nr2* Af.'t+A flmXco55 (27i:f cll T.+ 8 (t.))) 
[l<;k<n-2, k+l^l^n-l, l+l<m<nj (23) 
where , 

V 2 (Jc): k-t.h modulation signal voltage of baseband of 
mobile wireless equipment at interfering side 

Af n : modulation Ireuency interval of baseband at 
interfering oidc 

A9 k : phase of k th modulation frequency of mobile 
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wireless equipment of interfering side 

A8 X : phase of 1st modulation frequency of mobile 
wireless equipment of interfering side 

A0 B : phase of m-th modulation frequency of mobile 
wireless equipment of interfering side 

Fm«nxAf n : maximum modulation frequency ol mobile 
wireless of interfering side 

f^: carrier frequency ul mobile wireless equipment 
of interfering side 

0(t): phase of carrier frequency of mobile wirelosc 
equipment of interfering side 

[vj: rangft of product-sum 
[0078] Expressing equation (18) by the A+B+C type, 
A+B-C type., A-R+C type, and A-B-C type by combination of 
the modulation frequencies, expressing the composite 
frequency of the three modulated wavoo of the k, 1, arid m 
components by L, expressinq the composite frequency of 
the two modulated waves of the 1 and m components by 5, 
and converting Lhe modulation frequencies to L, S, and m 

in equation (23), the power wiLh respect to f t =l» # Af m is 

expressed by the following: 

[0079] 

AIOIC TYPE 

+3X (-a, -3/4-2R) 2 -2/4- (Pin/Fm)' -1/12- f L 8 ~1 
-Fra£ f t <0|0<f t ^ Fm 

+3 X (-a, • 3/4 • 2R) 2 • 2/4 • (Pin/Fm) 3 • 1/6-l/H* (3Kra- 1 f 1 1 ) 2 -2 
2Fm< f L <-Fiu|Fui<f L * 2Fra 

+3X (-a 3 -6/8>2R) a -2/4 (Pin/Fm) 3 -1/16- (f L -Fm) • (7F« 3f L ) -3 
~2Fn< f L <-Wn|FoKf t i 2Fm 

+3X (-a, -6/8-2R) 7 -2/4- (Pin/Fm) s ♦ 1/3-1/16- (3Fnrt L )* -4 
-SFa< f L <-2Fm|2Fm<f L < 3Fm 

+3X(-a a -6/8-2R) 2 -2/4- (Pin/Fm) 3 • 1/16* (3Fm- f j. ) 2 5 
-3Fn£ f L <-2Km|2Km<f L < 3Fro 



i 



18, Aug. 2003 17:26 AOKI, I SH I DA&ASSOC. 8 1-3-5470- 1 9 1 1 



NO. 5434 P. 22/45 



- 18 



A+B-C TYPE 



+3X (-a, '6/8.2R) a -2/4- (Pin/Fm) a • 1/4 (Fnr|f t |) a -6 
-Fm£ f L <0|0<f L ^ Fm 

-i^X (-a, -6/8 -2R) 2 -7 
f L =0 

+3X (-a 3 -6/8-2R) a -2/4- (Pin/Fra) a '1/4- (Fm-lt; |)* -8 
-FncS r l <0|0<f l ^ Fm 

A-B+C TYPF. 

+3 X (-a, • fi/8 • S«)0 1 • 2/4 • (Pin/Fra) 3 - (Fm- 1 f t |) • | f 1 1 -9 
-Fm£ f t <0|0<f t £ Fm 

A-B-C TYPE 

+3 X (-a, • 6/8 • 2R) * • 2/4 • (Pin/Fm) 8 • 1/4- (2Fm- 1 f 1 1 ) 1 -10 
-2Fm< f t £ -Fm|(Fm)< t h <, (2Fm) 

+ (-a a -C/8-2R) 2 -2/4- (PWFiii) 3 -l/4-f^ "11 
-Fm<f L <OlO<f L <Fm 

rOOSO) Here, "I" expresses "or" of the left side 
condition and right- side condition. 

IOOB1] Applying a J /a l =l/(3/2»IIP3*R) and making the 
reception passband ol the frequency f 0l BW«Fm, it 
integrating the power (P aw ) in the range of the power 
r «oa( f L) to f cl -BW/2<f a <I (rt +BW/2 by eguation (24) and 
dividing the result by the total power of the wireloos 
band of tho frequency f c2 component to find IRF,, the 
following is obtained: 
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(25) 
-1 



[00821 

IRF,= lOXlogUin 1 ) +10Xlog I 

' 1/4 X (f. Vrm 2 i (DW/2) 1 /ro* ) • (DW/2/Fm) 
OS f t S FnrBW/2 

+1/16X (BW/2/Fm) • {(f,./Fm-3) a +l/3- <BW/2)*/Fm 2 } "2 
FB+BW/2S f,.* 2FB 

+3/1 fi X (BW/2/Fm) • { (7-3f t /Fm) • (f t /Fin-1 ) - (RW/2) 1 /Fm 1 ) "3 
Fm+BW/2£ f L £ 2FW-BW/2 

+1/16X (BW/2/FO) •<<3-f,./F») , +l/3- (BW/2) 3 /Fro 8 } "4 
2Fm+BW/2£ f u £ 3Fm-Byf/2 

+3/16X(Bff/'2/FiD)-{(3-fL/Fn) l+ l/3-(BW/2) 2 /lV) "6 
2FB+BW/2S l t £ 3FO-BW/2 

Fa) +9) -32/3] " 7 
+1/8 X r»" (f l ZhlirBW/2/KB) • {9-3 (f L /Fm-BW/2/Fm) +1 /3 (f t /Fm -BW/2/Fm) 1 ) ] 

3Fm-BW/2< f L £ 3Fa 

+3/2X (BW/2/Km) • C (l-ft /Km ) ' +(HW/2/Fm) * /SQ " 9 
BW/2<f t £ Fm-BW/2 

+3/2 X [1/3 • (Bff/2/Fm) • {3/FW+ (BW/2/Pjb) ' -3 (BW/2/Fln) ) + { (BW/2/Fm) -1) *f. * / 
Fm/Km] , " 10 
OS f t <BV/2 

+3^4 X [- {f ,. /Fan (BW/2/Fio) ) + {f«. /Fm - (BW/2/Fto) } * +1 /3- (ft /Fm -BW/2/Fm) ' 
F»-BW/25 f L <Fm+BW/2 

+3 x [f , /Fm (BW/2/Fn) - (f L /Fm) 8 (BW/2/Fm) -1/3 (BW/2/Fm) 9 1 "12 
BW/2<f t S Fm,.-BW/2 

+3/2X {(BW/2/F») z + <f. /Fm) J -2/3(BW/2/Fm) 3 -2(BW/2/Fm) (f^mV) -13 
OS f u <BW/2 

+3/2 X {1/6-1/2 (f. /FnrBW/2/Fm) a +1/3 (ft /FnrBW/2/Fm) a ) "14 
Fnr7BW/2<f L i FnH*BW/2 

• 3X {l/3(BW/2/F«) 9 +(ft/Fui) s (BW/2/Fm)) -15 
OS f t £ FnrbW/2 

+3/4 X { (2-f. /Fm) * (BW/2/Fm) +1/3 (BW/2/Fm) 8 } "16 
Fo+BW/2<f L S 2FnrBW/2 

+3/8 X [-2- (f. /Fm-RW/2/FnO 1 /3+ (f t /Fm+BW/2/Fm) • {4-2 (f t /Fm +BW/2/Fm) + 
(f L /Fm+BW/2/Fin) s /3} J "l 7 
Fm-BW/2< f L <Fm+BW/2 

+3/4 X [4/3- (f L /Fm-BW/2/Fm) • {2- (f L /Fm-BW/2/Fm) +1/6 <f L /Fm-BW/2/Fm) * } ] 
ZFm-RW/?.<f L £ 2Fm J 

[0083] Here, the frequency f cl and are normalized by 
the inpul third-order intercept point ITP3 to obtain: 
[0084] 
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l iX =V x z /2/K/{im) 
I ia -l/2-V,V2/R/(HP3) 

[0085] The dB value of the sum of 1 to 18 in equation 
(25) is R of equation (16). 

(2) Errui Rate Characteristic 

The error rate characteristic is found U3ing the n- 
th interference power and interference reduction factor 
of equation (9), equation (12), or equation (18) from the 
IRP 3 obtained by converting the IRF 3 (da value) expressed 
by equation (25) to the truth value, 

[0006] The following action is obtained by the line 
quality characteristic evaluation system according to the 
present invenLion explained in brief above: 
[0087] Tt is clear that it is possible to express the 
correspondence with the BER from the intercept point 
input level (TTP) T reception thermal noicc f and plurality 
of interference leakage powers from adjacent channels as 
nonlinear nharacteristics of the interfered reception 
system using equations (4) to (5) expressing the signal 
of the desired wave and signals of the plurality of 
interference waves input for reception of a modulated 
wave, equations (6) to (9) expressing the QPSK delay 
detection type simplified error raLe characteristic, 
equations (10) to (13) expressing the QPSK delay 
detection type error rate characteristic, equations (13) 
to (19) expressing the QPSK absolute synchronous 
detection error rate characteristic, or equation (20) 
expressing the QPSK differential synchronous detection 
errer rate characteristic* Therefore, it is possible to 
more precisely and flexibly provide line qualities under 
nonlinear interference due to the IIP3 characteristic, 
reception thermal noise, and plurality of interference 
leakage powerc from adjacent channels, 

[0088] K turning to FTG. 1, the reception signal levol 
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normalized by IIP3 after the antenna 4 of the interfered 
digital wireless receiver 3 side of the desired wave is 
liof the r ception signal level received by the antenna 4 
o£ the interfered digital wireless receiver 3 side from 
the intertering digital wireless transmitter 5 normalised 
by Iir3 is I ilf and the prubabilities of occurrence ot 
the lflVAis are Pfl^) and P(iu). 

(0089] Here, Lhe average bit error rate characteristic 
of the interfered digital wireless equipment under 
nonlinear in Lei. f erence becomes as follows: 
[0090] 

BER=2 £{bcr(I iD ,I il JXP(I 10 )XP(I il )} (26) 
1| o 1 

[0091] Here, (berfl^, I 4i ) ie the bit error rate 
calculated by equations (6) to (8), equations (10) to 
(13) r equations (14) to (16), or equation (17). 
Second Embodiment 

FIR. 6 is a block diagram of the configuration of a 
line quality characteristic evaluation system according 
to a second embodiment of the present invention. The 
point of difference from FIG. 1 is that in the present 
embodiment/ there are a plurality of interfering digital 
wireless transmitters (in the illustrated example, two r 
LhaL is, the transmitter b and transmitter 8) 
simultaneously proccnt. Reference numeral 9 is an antenna 
of the transmitter 8. 

[0092] The reception signal level normalized by 1IP3 
*fter the antenna of the interfered digital wireless 
receiver 3 side of the desired wave is X^, the reception 
siynal levels received by the an-hnnna 4 of the interfered 
digital wireless receiver 3 side from the interfering 
digital wireless transmitters 5 and 7 normalized by HP3 
are I XJL and I x2 , and the probabilities of occurrence of 
the levels axe PUii), and P(I^)* 

[0093] Hero, the average bit error rate characteristic 
of the interfered digital wireless equipment under 
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nonlinear interference becomes as follows: 
[0094] 

BER=S 2 X{ber(I iD ,I n , , I,,,)} XP(I 1B ) XPtf, ,) XP(I 12 )} 

IjD 111 3 

(27) 

[0095] Hero, (bcr(I lD/ I u ) is the biL error, rate 
calculated by equations (6) to (R), equations (10) to 
(13), equations (14) to (16), or equation (17). 
[0096] Furrher, as the 1.1 n« quality characteristic , in 
the same way as tho first embodiment, the biL error rare 
characteristic, pacKet error rata characteristic, etc. 
may be applied. 

Third Embodiment 

PIG- 7 is a block diagram of the conf iguraLiun of an 
interference measuring and evaluating system according to 
a third embodiment of the proccnt invention* The 
difference from FIG. 6 is that in thG present embodiment 
the interfering digital wireless transmitters 5 and 8 
move in the service area 10. In this cas«, the line 
quality is estimated based on the probability of Lhe 
interfering digital transmitters 5 and a being present at 
locations indicated by (x,y) coordinates in the service 
area. 

[0097] For simplification of the explanation, it is 
assumed that only Lhe interfering digital wireless 
transmitter 5 is in the service area 10 and moves in the 
service area 10. The level of the reception level after 
the antenna 4 ot th« interfered digital wireless mobile 
station 3 of the desired wave normalized by IIP3 is i^, 
the probability of occurrence of the level 1^ is r(liD), 
the probability of the interfered digital wireless 
reception side ot the interference wave being present at 
an (x,y) coordinate in Lhe service area is ±>(X#y)# and 
the level of the rpr.Aption signal level roceivod at the 
antenna 4 of the inLeifered digital wireless receiver 3 
side trom th« interfered digital wireless transmitter 5 
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normalized by IIP3 is I ir 

r0098] Here, the average bit error rate characteristic 
of the interfered digital wireless under nonlinear 
interference becomes as follows: 
[0099] 

BER(u)=S S{ber(I, D ,I ll J)XP(I 1D )XP( X .y)} (28) 

[0100] Here, (barfly, I 41 > ic the bit error rate 
calculated by equations (6) to (8}, equations (10) to 
(13), equations (14) to (16), or equation (17). 
[0101] Further, as the line quality characteristic, in 
the same way as the above embodiments, the bit error rate 
characteristic, packet error rate characteristic, etc. 
may be applied. 

[0102] Here, if making the area of the service area R 
and making the area calculated from an x,y coordinate 
where ber exceeds the prescribed value g n s" 
[0103] 

Q^ZBER(x,y) (29) 
v 

[0104] tho probability (V) of there being a wireless 
line present at the location where ber exceeds the 
prescribed value Q becomes 

V » s/S x 100% 
[0105 J When a plurality of interfering digital 
wireless transmitters move in the service area 10 , 
equation i 27 ) in the second embodiment . may be applied for 
equation (28) and (29). 

Fourth Embodiment 

FIG. 8 is a block diagram of the conf iguraLion of a 
line quality characteristic evaluation system according 
to a fourth embodiment of the present invention. In the 
fiqure, 81 indicates an interfered digital wireless base 
station (transmission side), 82 an antenna of the 
interfered digital wireless b se station (transmission 
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Sid6) 81 $ 83 an interfered digital wireless mobile 
station (rec ption side) f 84 an antenna of an interfered 
digital wireless mobile station (reception cide) 83, OS 
an interfering digital wireless mobile station 
(transmission side), 86 an antenna of the interfering 
digital wireless mobile station (transmission side) B5, 
87 a service area of the digital wireless base station 
(transmission side) 81 , 88 a service area ot the digital 
wireless mobile station (transmission side) 85 , and 00 a 
line qualily estimating means. 

[0106] Here, the solid line shows the desired wave 
route , while the broken line shows the interference wave 
route. 

(0.107] In the present embodiment, the line quality 
estimating means provides base stations and mobile 
stations for communicating by digital signals in an area 
where a plurality of wireless lines communicating 
wirclessly sharing space are present together and, at a 
downstream mobile wireless line from a base station to a 
mobile station , estimates a wireless line quality of a 
range of area under nonlinear interference by a plurality 
of intorf orence waves for a planai: distribution of the 
mobile Stations based a mobile station reception level 
due to mobile stations uniformly distributed in the area 
and a multiplexer channel ot downstream lines, an 
interference level received by the mobile station from a 
wireless line in the area or nearby, and a prescribed 
value in the area using a line quality characteristic 
estimatinq means of a wireless communication line in the 
above embodiments, 

[0108] The probability ot the mobile station 83 being 
present at an (x,y) coordinate in the service area 87 of 
the interfered digital wireless base station 81 of the 
desired wave is P(x,y), the average level of the 
reception siqnal level received at the antenna 84 of the 
interfered digital wireless mobile station (reception 
side) 83 at that location normalised by 1IP3 is X^, the 
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level of the reception signal level rotten vad at the 
antenna 84 of the interfered digital wireless mobile 
station (reception side) R3 present at the (x,y) 
coordinate in the service area from the interfered 
digital wireless base station 85 normalized by IIP3 is 
I u , and the probability of occurrence o£ Lhe level is 
P(lii). 

[0109] Here, the average bit error xate characteristic 
ot the interfered digital wireless equipment under 
nonlinear interference becuiuea as follows: 
[0110] 

BERCx,y)=2 £{ber(I iD .I il .))XP(x,y) XP(I 0 )} (30) 

[Olll] Here, (berfl^, is the bit error rate 

calculated by equations (6) to (8), equations (10) to 
(13), equations (14) to (16), or equation (17), 
[0112] Further, as Lhe Hue quality characteristic , in 
the same way as the above embodiments, the bit error rate 
characteristic/ packet error rate characteristic, etc. 
may be appl ip.d. 

[0113] Ilere, i£ making Lhe area of the service area S 
and making the area calculated from an x r y coordinate 
whero BER exceeds the prescribed value Q "s" 
[0114] 

Q^£bER(x, y) (3D 
v 

[0115 J the probability (V) of there being a wireless 
line present at the location where BER exceeds the 
prescribed value u hp.nomfis 

v « s/S x 100% 

Fifth Embodiment 

FIG. 9 is a block diagram of the configuration of a 
line quality characteristic evaluaLion system according 
to a fifth Ambodiment of the present invention. In the 
figure , 91 indicaLes an interfered digital wireless base 
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Station (reception side), 92 an antenna of the interfered 
digital wireless base station (recepuiua bide) 91, 93 an 
interfered digital wireless mobile station (transmission 
sido), 94 an antenna of an interfered digital wireless 
mobile station (transmission side) 93, 95 an interfering 
digital wireless mobile station (transmission side), 96 
an antenna of the interfering digital wireless mobile 
station (transmission side) 95, 97 a service area of the 
digital wireless base station (reception side) 91 , and 98 
a service area o£ the digital wireless mobile station 
(transmission side) 95. 

[0116] Here, the solid line shuws the desired wave 
route, while the broken line shows the interference wavo 
route , 

[0117 J In the present embodiment, the line quality 
estimating means estimates a channel capacity in a range 
of area under nonlinear interference in an upstream 
mobile wireless line from a mobile s La lion to a base 
station in mobile wireless communication comprised of 
base stations and mobile stations communicating by 
digital signals in an area in which a plurality of 
wireless lines for wireless communication sharing apace 
are present together, a base station reception level by a 
multiplexer channel of upstream lines from mobile 
stations distributed in the area, an interference level 
received by the base station from a wireless line in the 
area or nearby, an amount of interference in a same 
system from a plurality of mobile stations distributed 
uniformly in the area, a prescribed value in the area 
obtained from a line quality characteristic estimating 
means ol a wireless communication line according to the 
first to third embodiments, and the number of the 
plurality of mobile stations distributed uniformly 
pi anarly . 

[0118] The reception siqnal level of the modulated 
carrier wave transmitted by the mobile station 93 in the 
service area 97 of the interfered digital wireless base 
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Station (reception side) 91 of the desired wave and 
received by the antenna 92 of the interfered digital 
Wireless base station (reception side) 91 normalised by 
Iir3 is 1^, the probability of occurrence of that level 
is P(I io )/ *.he levels of the reception signal levels 
transmitted from Lhe interfering digital wireless mobile 
stations (transmission side) 95 preocnt at (x,y) 
coordinates in the sex vice area 97 and received at the 
antenna 92 of the Interfered digital wireleoc base 
station (reception side) 91 normalized by IIP3 are 

I ilf , I lu/ and the probabilities of occurrence of those 

level are PJI^) • 

[0119] Hero, the average bit error rate characteristic 
of an interfered digiLal wireless equipment under 
nonlinear interference becomes as follows s 
[0120] 

BER(x,y)~2 Sftord^JnJJxPUy) xP(I jx )} (32) 

[0121] Here, (ber(I in/ is the bit error rate 

calculated by equations (6) to (8), equations (10) to 
(13), equations (14) to (16) , or equation (17). 
[0122] Further, as the line quality characteristic, in 
the same way as the above embodiments , the bit error rate 
characteristic , packet error rate characteristic, etc* 
may be applied. 

[0123] Here f if making the area of the service area 3 
and making the area calculated from an x,y coordinate 
where bEK exceeds the prescribed value Q "s" 
[0124] 



QSiBERUy) 
v 



(33) 



[0125] the probability (V) of there being a wireless 
line present, at the location where BER exceeds the 
prescribed value Q becomes 
V - 3/G x 100% 
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[0126] Summarizing the ef£ cts of the invention, as 
clear Irum the above explanation/ according to the 
present invention , means for estimating theoretical 
equations and theuxetical curves under nonlinear 
interference establishing correspondence among the 
reception line quality characteristics trom the recaption 
thermal noise characteristic, third-order intermodulatiun 
by nonlinear interference/ and leakage power of the 
linear interference and evaluation of the line quality of 
a wireless communication system under nonlinear 
interference in a service in which wireless lines 
wirelessly communicating sharing space and other wireless 
line interfering with the came using the theoretical 
equations and theoretical curves become possible . 
[0127] Therefore, in an area where mainly mobile 
wireless communication systems themselves nr a mobile 
wireless communication system, terrestrial fixed wireless 
communication system, mobile satellite communication 
system, or other wireless system are present together, at 
the stage of planning new wireless lines, it becomes 
possible tr> accurately evaluate in advance the cases 
where the nonlinear interference would cause 
deterioration of the line quality by quantifying the 
occurrence of nonlinear inter Terence and thereby provide 
a wireless communication line excellent in line quality 
and efficient in interfered wireless communication. 
L0128] The evaluating means is a technique enabling 
accurate estimation o£ overall reception performance trom . 
the invented nonlinear interference theory or theoretical 
curves oven if the performance of the reception system 
relating to nonlinear interference and the specifications 
of the inside of the apparatus of the interfered wireless 
system are unknown, it is possible to flexibly evaluate 
this in advance for nonlinear interference assuming an 
actual environment and provide efficient countermeasureo 
and means for preventing line detex"ioration due to 
nonlinear interference. 
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[01291 Further, the occurrence of nonlinear 
interference occurring due to an increase in wireless 
communication lines occurring after opening a line can be 
evaluated in advance as the line quality and measures can 
be taken against deter i oration of the line quality due to 
the nonlinear interference based on the evaluation. 
[0130] While the invention has boon described with 
reference to specific embodiments chosen for purpose of 
il lustration, it should he apparent that numerous 
modifications could be made thereto by those skilled in 
the art without departing from the basic concept and 
scope of the invention. 



